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TOMATO WILT.
C. W. Edoerton and C. C. Moreland.
The disease of tomatoes, known as the tomato wilt, sleepy
disease, fungus wilt and Fusarium wilt, is one which has come
much into prominence during the past few years. It is scattered
all over the world, more abundant in the warmer regions, but
present to some extent in cooler countries. In the United States,
it is well distributed aver the Southern states and extends as far
north as Illinois, Indiana, Ohio, and New Jersey. It is only
occasionally found in the northern tier of states.
In the South and Middle states, the disease causes a very
heavy loss in many of the tomato growing sections. In Louisiana,
twenty-five per cent would be a conservative estimate of the loss
caused by the disease. In some regions of the state, the loss is
much greater than this, in some places it being very difficult to
grow any of the ordinary varieties of tomatoes. This disease also
causes heavy losses in the tomato sections in the Ohio Valley and
in Maryland and adjoining states.
In Louisiana, the disease is most abundant on the bluff,
prairie, and sandy soils. It occurs only to a small extent in the
heavy alluvial soils.
PREVIOUS WORK ON THE DISEASE.
Although the tomato wilt has been known for a considerable
period, the literature upon it is rather scattering. Other than
brief notes on its occurrence in various countries, but little has
been written concerning it until recent years. Practically all of
the investigations on the disease have been carried on within the
past ten years. The possibility of obtaining wilt-resistant strains
of tomatoes was the phase of the problem which first received
consideration. This line of work was started by Norton (8, 9)
and Essary (6) and since, has been taken up by Edgerton and
Moreland (2, 5), Humbert (7), Pritchard, Durst, and others.
Another phase of the problem has also been considered in the
i^orphological and physiological studies of species in the genus
Fusarium, which have been made by Wollenweber (12), Sher-
bakoff (10), and others.
4Other than on these lines of work, little has been written on
the tomato wilt, but of recent years investigators have been con-
sidering the disease from different angles. These recent investi-
gations will be considered later in this publication.
NATURE OF THE LOUISIANA INVESTIGATIONS.
In Louisiana, the study of the tomato wilt has been in progress
since 1909. The disease has been considered mostly from a
pathological standpoint. The causative fungus has received but
little attention, except in its relation to the disease. A morpho-
logical and cultural study of this fungus and related species in
the same genus has been made by several investigators in the past
few years, and it did not seem worth while to touch this phase
of the subject.
The work on the disease was commenced as an attempt to
obtain wilt-resistant varieties, for use in those districts that were
having trouble in growing tomatoes, but later the problem was
enlarged to include a general study of the disease.
METHOD OF WORK.
The work on the tomato wilt in Louisiana has been carried on
in the field, laboratory and greenhouse. For the field work, a
piece of ground has been available on which tomatoes have been
grown every year since the work started, thus making the soil as
badly infected with the disease as is possible to have it. In this
ground has been conducted the selection work and the tests of
resistant and tolerant varieties.
The greenhouse has been used extensively for testing var-
ietal resistance, for selecting resistant strains and in the study
of the effect of such factors as temperature, soils, etc. By the
use of a new method of growing and inoculating the plants, the
greenhouse w^ork has become more efficient and has given some
valuable results. This method has been described fully in a
previous publication. (5) and it is only necessary to briefly des-
cribe it here.
In this method, the soil in which the young tomato plants are
to be grown, is placed in pots, covered with paper and sterilized
in the autoclave. The upper layer of the soil is then heavily
inoculated with a pure culture of the wilt-producing organism.
.i
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It has been the custom to grow the fungus on sterilized bean
pods and then work the pods into the soil. Immediately after
placing the cultures in the soil, the seed is planted. In such
a treated soil, the young tomato plants take the disease very
quickly (Fig.l).
FIG. 1. Tomato wilt in young plants in reinoculated sterilized soil. The soil in the
pot on the left was sterilized and reinoculated with pure cultures of Fusariiim lycopersici just
before planting, while the soil in the pot on the right was sterilized but not inoculated. A
large percentage of the plants in the first pot are dead.
ADVANTAGE OF STERILIZED SOIL.
The advantage of a sterilized over an unsterilized soil in the
greenhouse vork is very marked. The sterilization by steam
eliminates a large number of the bacteria and other organisms in
the soil which normally tend to check the development of the
trmato wilt fungus. When this soil is inoculated with Fusarium
lycopersici, the fungus grows very rapidly and a much heavier
infection is obtained in young tomato plants than in plants grow-
ing in unsterilized infested soil (Fig. 2). Many experiments have
been run during tbe past several years that show a greater in-
fection with wilt in young plants growing in reinoculated steril-
ized soil than in ordinary inoculated soil. The result of two of
these experiments are given in Table 1.
6TABLE I.
Effect of sterilized and unsterilized soil on the development
of tomato wilt in the seed bed.
Treatment of Soil
II
No. Plants % Diseased No. Plants % Diseased
Unsterilized 213 60.6 344 22.7
Sterilized 367 85.6 281 86.8
Not only does the sterilized soil allow a greater infection but
the young tomato plants develop the disease earlier and seem
to die faster. Under favorable temperature conditions, the
young plants will begin to die in less than two weeks after the
seed is planted and in less than ten days after the plants come
through the ground.
FIG. 2. Effect of sterilization of soil previous to inoculation on the development of
the wilt. The soil in the pot on the right was sterilized and then reinoculated with pure cul-
tures of Fusariiim lycopersici; the soil in the pot on the left was inoculated but not sterilized.
Most of the plants in the sterilized soil died with the wilt.
That a disease will develop much more readily in a sterilized
soil than in one that has not been sterilized is a well recognized
fact at present. Many diseases, not only 'those produced by
soil-inhabiting fungi, but also those which occur on seed, de-
velop much better on young plants that are growing in sterilized
soil. Observations which have been made on a few other diseases
7in Louisiana during the past few years are of interest at this
point and show the importance of this method of study. Seed
of cotton and beans infected with the anthracnose diseases, when
planted in sterilized soil, produce plants which are severely
affected and usually die while in the seeding stage as a result
of the disease.
The eggplant blight fungus,Phomopsis vexans, causes a much
larger percentage of the young plants to damp off in sterilized
soil than in unsterilized soil. The common Rhizoctonia grows
much more readily and does much more damage in sterilized than
in unsterilized soils. It is very difficult to check an outbreak
of damping off caused by Rhizoctonia in sterilized soil. In the
work in Louisiana with truck crop diseases, the sterilization of
soils is not usually recommended as a preventative for Rhizoc-
tonia, because of the fact that if the sterilization is not complete
enough to kill all of the Rhizoctonia or if the soil becomes rein-
fected, the disease is much more severe than if the soil had not
been sterilized. A similar condition sometimes occurs in beds in
greenhouses that have been allowed to dry out all during the
summer months. In such soil many of the common soil organisms
are killed by the heat and dessication, and the Rhizoctonia, which
is not killed, has a much better chance for development when the
soil is again planted. Such soil, if spaded up and moistened
about six weeks before planting and kept in a good condition of
tilth, will have less of the damping off than if it is prepared just
before planting.
ADVANTAGE OF POTS OVER FLATS OR LARGE BEDS.
In carrying on the experiments with tomato wilt in the
greenhouse, it was found that pots were much more satisfactory
for growing the plants than boxes, flats or benches. In the
latter, the development of the wilt was not equal in the different
sections. Generally in a flat, the plants around the edge would
show a much higher infection than in the middle. This same
condition has been noted by Humbert (7), who states that it is
probably due to the higher temperature of the soil around the
edge of the flat. While the temperature of the soil is a factor,
it is probable that better aeration of the soil is also important. By
using a number of pots, much better results can be obtained than
8with the flats or benches. With the former it is much easier to
obtain a similar moisture content and temperature.
APPEARANCE OF DISEASED PLANTS.
Although the wilt disease may occur on tomato plants in
any stage of their development, in the field it usually becomes
most noticeable at about the time the plants are developing their
first fruits. The disease first shows on the lower leaves. These
gradually, turn yellow and finally die. The diseased plants also
usually assume a stunted appearance, due to a shortening of the
internodes between the branches. As the disease progresses, more
of the leaves turn yellow and dry up and finally the whole plant
may die. A susceptible plant generally dies rather rapidly, but
one of a tolerant or resistant variety may live throughout the
season with the disease present in the roots and stems. The
time intervening between the first symptom of the disease on the
lower leaves and the final death of the plant varies considerably,
depending upon weather conditions, varietal susceptibility and
possibly other factors.
The amount of infection in fields varies considerably. Where
a proper system of rotation is followed, and the young plants
are grown in seed beds free of the disease, the affected plants
are generally scattering throughout the fields. Where no rota-
tion is followed, or the plants are set from infested seed beds,
frequently nearly all of the plants become diseased and die.
Such a field is shown in figure 7.
Under ordinary field conditions, some fruits usually set
on diseased plants but not as many as on healthy ones. The
development of these fruits depends upon the severity of the
infection. Usually on ordinary susceptible varieties, they do
not grow very lar^-3 and generally ripen prematurely. ^ As^the
disease causes a reduction in the root system ajid folunge, the
development of the -fruit is materially hindered. The fruits
generally color up on these diseased or dying plants, but they
are not nor-iial in size or flavor. With resistant or tolerant
varieties, iiowever, the fruit >>.:ems to develop fairly well,
even
though the disease is present.
The yield from diseased plants of a susceptible variety, de-
pends to a great extent upon the time of infection. A plant
9-that becomes infected rather late, often ripens a few fairly good
fruits, but a plant that becomes infected early usually dies
before any first grade fruit can develop and ripen. This is
the reason why some of the early maturing varieties, such as
Earliana and June Pink, often make a crop in badly infested
soil. If large healthy plants of these varieties are set in an
infested field, the development of the fruit is so rapid that the
wilt does not have time to kill the plants before the first fruits are
mature. With a laier maturing variety, the wilt has a longer
period to develop and consequently decreases the crop to a
greater extent. If the early maturing varieties are grown in
infested soil in the seed bed, and consequently are diseased
at the time of setting in the field, they generally die before a satis-
factory crop is made.
The wilt disease affects the roots as well as other parts of the
tomato plant. The roots, especially the smaller ones, turn black
and rot. During the later stages of the disease often a con-
-siderable percentage of the roots are dead or are so badly
diseased that they cannot function.
There is no external development of the wilt fungus until
the very last stage of the disease or until the plants are aead.
Sometimes when the plants are nearly dead, black lesions, in
-which the fungus develops, will form on the stems. After the
plants are dead, the whole stem becomes black and the fungus
fruits abundantly on the surface. During wet weather, the
fungus shows a pinkish cobwebby growth of mycelium.
THE DISEASE IN YOUNG PLANTS.
The wilt disease may develop in very young plants. If seed
is planted in infested soil and the temperature conditions are
right, the young plants may show the disease in less than ten
days after coming through the ground. The plants that show
the infection this young, usually die very quickly. Plants that do
now show the infection until they are three or four weeks old,
usually succumb much more slowly. The leaves turn yellow
and wilt during the sunny part of the day and the plants finally
die. If the plants are crowded and tender, frequently the tissues
' of the stems become soft and watersoaked, but usually the disease
acts very similar to the way it does in larger plants.
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If the temperature conditions are not satisfactory for a
good development of the disease, many young plants in the seed
bed will become infected* without showing the disease and will
be set in the field. Such plants generally die before they can
bloom and set fruit.
INTERNAL APPEARANCE OF DISEASED PLANTS.
The internal appearance of a tomato plant affected with the
wilt disease is very characteristic. In fact, a diagnosis of this
disease is best made by cutting the stem of a suspected plant
and observing the coloration of the various tissues. The fibro-
vascular tissues of the roots and stems are turned brownish to
blackish in color. The whole inside of the root of a diseased plant
is turned black, while the stem has a discolored ring just ulider-
neath the cortex, (Fig. 3). The pith of the stem is not normally
FIG. 3. Discoloration of inside of tomato stems caused by the tomato wilt disease.
discolored. Occasionally, in plants that are nearly dead, or
that show a secondary infection with bacteria or fungi, the
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pith cells will be dead and soniewliat discolored: but such a
condition is not a normal development of the wilt disease. The
leaves which are turning yellow also show the discolored fibro-
vascnlar bundles in the petioles and veins. This discoloration is
continuous from the blackened tissues in the stems, through the
leaf traces and into the leaves. Occasionally also the black fibro-
vascular bundles pass into the young developing fruits, (Fig. 4).
Fi»^. 4. uiscoioraaon oi aoro> ascu^ar oua:..-^ ir.siae of a tomato in;ejtea witn the ^o.t.
With slightly infected plants, the discoloration may not pass into
the leaves, only showing in the roots and stems. Occasionally the
discoloration may develop in only one side of a stem, and when this
occurs the leaves die on one side of the plant,, while those on the
other side of the plant remain healthy, for a considerably longer
period.
In the young plants in the seed bed, the discoloration shows
the same as in the large plants. In a cross section of a diseased
stem, the little fibrovascular bundles show as black dots. These
discolored bundles can usually be seen without cutting the stem,
by merely holding the plant up to the light.
COMPARISON WITH OTHER DISEASES.
There are several other diseases of tomatoes which are fre-
quently confused with the tomato wilt by growers and gardeners.
These are the bacterial blight, early blight. Sclerotium wilt and
Mosaic disease. The bacterial blight occurs sporadically in
Louisiana, sometimes it is abundant, while at other times, it is
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difficult to find. It apparently seems to be most abundant in
wet seasons. This disease is quite frequently confused with
the tomato wilt. However, with the bacterial blight, there is not
the slow yellowing of the lower leaves and the gradual death of
the plants, but instead the leaves wilt rapidly and the whole
plant dies quickly. The inside of the stem is also turned black
but the blackening is more complete than with the wilt. With
the wilt, only the fibrovascular region is discolored, the pith
remaining white, but with the bacterial blight, both the fibro-
vascular region and the pith are blackened.. There are times
when a microscopic examination is necessary to determine these
diseases absolutely, but this is not ordinarily necessary, except
in eases where both diseases may be present in the same plant.
The microscopic examination shows the causative organisms,
bacteria in plants affected with the bacterial blight and the
fungus mycelium in plants affected with the wilt.
The early blight is a leaf disease which often becomes severe
enough to defoliate the plants. As the disease develops first on
the lower leaves, these frequently become yellow. The disease,
however, develops definite black spots on the leaves, which makes
its diagnosis easy. The interior of the stem is not blackened.
The Sclerotium wilt is a disease of the stem of the plant, near
the surface of the ground. The whole cortex of the stem and
the cambium layer is rotted off. The plants sometimes wilt
rather quickly. The interior of the stem is not discolored. There
is usually a rather heavy development of mycelium in the
affected area on the stem, and, if weather conditions are right,
there is a development of small sclerotia about the size of mustard
seed in this decayed tissue.
The Mosaic disease is characterized by light colored and
often finely divided leaves. The plants do not often die but
they do not have a vigorous, healthy appearance. There is no
discoloration in the stems.
CAUSE OF THE DISEASE.
The tomato wilt disease is caused by a fungus which passes
under the name of Fusarmm lycopersici. This name was first
given by Saccardo to a fungus which he found on a decaying to-
mato fruit. The fungus which causes tomato wilt is not usually
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loiind on decaying fruit, though Wollenweber (12) reports suc-
cessful inoculations on the fruit. The name, Fusarium lycopersici,
is now universally used for the tomato wilt organism, and it
would be unfortunate if it were found that the fungus with which
Saccardo was working was different.
This fungus belongs to the sub-group, elegans, of the genus,
Fusarium. This group contains a number of forms very similar,
morphologically. This is the group that contains all of the Fusar-
ium wilt organisms, including the ones causing wilt diseases of
cotton, cowpea, melon and cabbage. It is not easy to separate
these forms by morphological or cultural characters, though the
studies of Wollenweber, Sherbakoff, and others have shown
slight differences.
Fusarium lycopersici produces two types of conidia, the small,
single celled, hyaline microspores and the larger falcate, hyaline,
septate macrospores. In the macrospores, there are usually three
septae, though any number from one to five are not uncommon.
The fungus grows well on almost all of the common culture
media, producing spores in abundance in pure culture. There
is some variation in different strains of the fungus on culture
media. Some cultures make an almost strict growth, while others
are covered with a rather heavy floocose growth of aerial myce-
lium. On some culture media, some strains produce a rather
deep pink or purple color while other strains are colored only
slightly. These varying strains are all able to infect young
tomato plants, producing the typical wilt disease.
Fusarium lycopersici grows best on a medium testing not
higher than +15 of Fuller's scale. It will grow on a medium test-
ing slightly above +30 but the growth is considerably retarded
even at +20. Growth does not seem to be retarded in a medium
testing slightly alkaline.
THE FUNGUS IN THE PLANT.
Fusarium lycopersici gains entrance to the tomato plant
through the roots. The fungus enters the fibrovascular strands
and then grows up the plant following the ducts in the bundles.
As the fungus progresses upward, the bundles turn to a brownish
or black color. A section TFig. 5) of a diseased stem shows the
fungus hyphae to be abundant in the ducts. A duct may be
14
crowded with the hyphae or the number of threads may be limit-
FIG. 5. Photomicrograph showing mycehal threads in the fibrovascular bundles of
an infected tomato stem.
ed. These threads do not usually run straight through the ducts,
as it is more usual for them to twist around in various ways.
There is usually, if not always, a production of gum around
the infected bundles. This gum is deposited in the cells, possibly
as an attempt by the plant to isolate the diseased portion. This
zone around the fibrovascular bundles is shown in the photo-
micrograph in figure 6.
After the disease becomes severe, the fungus may break out
to the surface, though this seldom occurs until the plant is
practically dead.
METHOD OF INFECTION.
No direct attempt has been made to determine the exact
method of infection, but it is probable that the infection may
take place at any place on the small roots. In seed bed plants,
the discolored bundles can be readily traced down to a small
dead root or a discolored area on a root. Tisdale (11) has in-
15
vestigated the method of infection with the fungns causing the
flax wilt, a fungus very similar to Fusariiim lycopersici. He
FIG. 6. Photomicrograph of an infected tomato stem showing gum formation around
fibrovascular bundle.
found that the fungus may gain entrance through the root hairs,
through the cortical layer or through stomates. It seems prob-
able that Fusarium lycopersici can gain entrance to the tomato
root in as easy a manner. The hundreds of observations that have
been made on small plants in the seed bed would seem to show
that the fungus can gain entrance to the young root at any point.
LIFE OF SPORES ON THE SEED.
Although the wilt disease is not ordinarily carried from sea-
son to season, and from field to field on the seed, it seems
probable that this may sometimes occur. It is often difficult to
explain the introduction of the disease in new territory in any
other manner than by the seed. While the disease is carried to
new territory more frequently by diseased plants, it does fiud
its way into localities where no plants have been brought in from
outside.
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As tJie production of spores on dead pl-ants is very profuse,
some of them may very easily find their way to the surface of
ripening fruits. In the seed saving process, it is possible for
some of these to become attached to the seed and remain there
until the seed are planted.
In order to determine whether spores placed on the seed
would remain viable and produce infection on young plants, a
small amount of seed was immersed in a suspension of spores of
Fusarium lycopersici on October 12, 1915. This is earlier in the
season than seed would ordinarily be saved from the fall crop of
tomatoes, though considerably later than the spring crop. This
seed was dried and kept until January 22, 1916, when it was
planted in sterilized soil in the greenhouse. This is about the
time that seed is usually planted in Louisiana for the early crop
of tomatoes. The plants growing from this seed became very
badly affected with the wilt disease while plants from untreated
seed planted at the same time remained healthy. This shows
that spores will live for sometime on the seed and will produce
the wilt disease on the young plants that grow from the seed.
LIFE OF FUNGUS IN THE SOIL.
There are no direct and reliable data regarding the length of
time that Fusarium lycopersici will live in soil in which tomatoes
are not being grown. There is no doubt but that it will live for
a period of three years or more, yet a three years' rotation will
eliminate the disease to such an extent that the actual loss in a
field is small.
With some of the wilt diseases of other plants such as cotton
and cabbage, there are data to show that the pathogenes will live
in the soil, without the host plant, for from seven to fifteen
years. It is difficult to obtain reliable data on such a question as
this, as it is seldom that all of the necessary information can be
obtained.
Because a field develops tomato wilt after being in another
crop for a number of years, does not mean that the fungus re-
mained alive in the soil during all of that period. There are so
many ways that the fungus might be brought in that it is usual-
ly impossible to determine whether the original infection has
remained in the field. The fungus may be brought in by the
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wash from other fields or by the wind blowing the spores from
other places. Furthermore, the fungus may unknowingly be
brought into the field on the young tomato plants that are trans-
planted. Many cases have come to notice in which infection in
new ground, or in ground that had grown other crops for years,
was traced to the infected seed beds from which the plants were
taken.
SOIL PREFERENCE.
The tomato wilt has a natural preference for some soils. It
seems to develop best on the lighter, well drained fertile soils
and does not develop well on the heavy alluvial soils. In Lou-
isiana, the disease is found most abundant on the bluff or loess
soils, on the prairie soils in the southwest part of the state, and
in some of the sandy soils in the north and west part of the state
and the Florida Parishes. In the alluvial Parishes along the
lower Mississippi river, it is not abundant enough to be impor-
tant. Occasionally diseased plants may be found in that region
but they are very scattering. For some reason or other the dis-
ease has not as yet become serious around Norwood, which is
in the principal tomato growing section of the state. However,
the disease is spreading each year in that section and it may
become important there in the future, as the soil would seem to
be favorable for the development of the disease.
In the greenhouse experiments, it has been found that the
soil that gives the best development of wilt, is a mixture of com-
mon garden soil and leaf mold, usually from one-half to one-
third" of the latter. The presence of sand in the soil does not
seem to increase the wilt. In fact, in experiments in which a
high percentage of sand was used, the wilt did not seem to devel-
op as well as in soil without the sand.
The different soils in the state have not been tested in the
greenhouse to any extent. Some experiments were started but
it was found that no dependence could be placed upon the re-
sults. As the development of the wilt depends to a large extent
upon the amount of humus or nitrogenous matter in the soil, and
as the amount of this varies greatly in different lots of the same
soil, a very great variation in results was obtained.
EFFECT OF SURSTANCES IN SOIL ON WILT.
The effect of chemicals and other substances added to the
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soil on the development of the tomato wilt is a question that has
received but little consideration in the past. This kind of work
is difficult and unsatisfactory when carried on in the field but
when carried on in pots in the greenhouse, reliable results can
be obtained in a short space of time.
A couple of experiments were carried on in the greenhouse
at Baton Rouge during the years 1915 and 1916. The first ex-
periment was started in September 1915. Thirty-three six inch
pots were filled with garden soil and compost, and sterilized in
the autoclave. These were treated in eleven different ways,
making three pots with each treatment. Substances in varying
amounts were added to these pots and worked into the soil. The
substances used were lime, oak wood ashes, kainit, sulfur, sul-
furic acid, formaldehyde (40% solution), corrosive sublimate
and copper sulfate. The lime, ashes, kainit and sulfur were
added to the soil in a dry form, but the other substances were
dissolved in water so that 400 cc. of the solution was added to
each pot. All of the pots were heavily inoculated with four dif-
ferent pure cultures of the tomato wilt fungus, this inoculation
following the lime, ashes, kainit and sulfur treatments by one
day and preceding the other treatments by one day. The pots
were all planted with Acme tomato seed on September 29, one
day following the application of the solutions. The experiment
TABLE II.
Effect of Substance in Soil on Development of Tomato Wilt.
Substance added
j
Amount
per pot in
grams
Rate per
acre in lbs.
(approx.)
Number of
Plants
Percent
Diseased
Check 87 74.7
Lime 8.0 4000 1C9 88.1
Lime 20.0 10000 141 31.2
Wood Ashes 20.0 10000 113 41.6
f Lime
\ Wood Ashes
14.2
20.0
7100
10000 98 56.1
Kainit 1.0 500 78 75.6
1.0 500 102 56.8
Sulfuric Acid 1.3 670 92 67.4
Formaldehyde (40% solution) .... 3.9 2010 84 53.6
Corrosive Sublimate 0.65 335 17 0.0
Copper Sulfate 1.95 1005 109
.
72.5
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continued until Xovember.22, when the final percentage of wilt
was obtained. The various treatments, the number of plants in
the three pots of each treatment and the final percentage of wilt
are given in Table II.
An examination of the table shows that corrosive sublimate
was the only substance that completely eliminated the wilt, but
this substance was added so strong that germination was almost
prevented, only seventeen plants coming up in the three pots.
Of the other substances, the heavy application of lime seemed
to be the most efficient in checking the disease.
Following the above experiment, another one was started on
December 5, 1915. In order to test out more fully the lime and
corrosive sublimate, these substances were used in different
amounts. The formaldehyde was used in the same amount that
is usually recommended for soil sterlization—that is, a solution
made of one pint of formaldehyde and twelve and one half gal-
lons of water with one gallon added to each square foot of soil.
This experiment was run in the same way as the preceding one.
The temperature in the greenhouse at the time the experiment
was run was not high enough for the best results, but this factor
was not fully appreciated at the time. Livingston Globe was
the variety of tomato used. The results obtained in the test are
given in Table III.
TABLE III.
Effect of Substance in Soil on Development of Tomato Wilt.
Substance added
Amount
per pot in
grams
Rate per
acre in lbs.
(approx.)
Number of
Plants
Percent
Diseased
155 51.0
11.0 See text 153 0.0
Corrosive sublimate 0.5 250 112 1.8
0.3 150 154 1.9
0.1 50 138 10.9
40.0 20000 184 4.4
20.0 10000 180 21.7
8.0 4000 117 17.1
20.0 10000 57 5.3
The table shows that all of the substances that were added to
the soil decreased the wilt to some extent, but the two heaviest
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applications of corrosive sublimate, the heaviest application of
lime and the formaldehyde were the most effective. The strength
of formaldehyde used was strong enough to sterilize the soil and
as this substance was allowed to evaporate before planting the
seed, there was no decrease in germination with it. The wood
ashes, while effective in checking the wilt, seemed to hurt the
germination of the seed.
As some growers have seemed to have had some beneficial
results with the use of lime on wilt infected soil, and as the green-
house experiments seemed to show that it might be effective,
some field experiments were tried in 1916. A piece of ground
very badly affected with the tomato wilt was divided into three
plots. One plot was left untreated as a check; to the second
plot, unslaked lime was added, at the rate of five tons per acre
;
and to the third plot, lime at the rate of ten tons. In these plots
were set five different varieties of tomatoes ; two resistant varie-
ties, Dwarf Stone and Globe ; one early prolific variety, Earliana
and two very susceptible varieties. Acme and Stone. There were
fifty-five plants of each variety in each plot. The plants, which
all came from disease free seed beds, were set in the plots during
the second week in April. In Table IV are given the results
obtained in the experiment. By "percentage of apparent wilV
is meant the percentage of plants that showed external symp-
TABLE IV.
Ejffect of Lime on Development of Wilt in the Field.
1
ariety
| Treatment
1
Percentage of Apparent Wilt
1
Total
Yield in
poundsMay 25 1 June 2 June 9
war. tone
Check
Lime, 5 tons
Lime, 10 tons
5.6
1.8
0.0
5.6
1 .8
0.0
16.4
3.6
0.0
62.9
73.8
49.4*
looe
Check
Lime, 5 tons
Lime, 10 tons
4.1
5.8
1.8
12.3
5.8
3.6
22.5
9.6
8.9
130.7
146.1
169.2
1 Lime, 10 tons
30.2
16.1
9.6
75.5
46.4
23.1
84.9
66.1
28.8
88.7
102.5
134.7
i Check
1
Lime, 10 tons
60.4
35.7
15.4
77.4
78.6
40.4
90.6
87.5
61.6
7.9
18.6
21.5
1
Check
1
70.6
jLime, 10 tons! 38.3
86.3
60.0
59.5
94.1
84.0
78.7
6.6
14.9
10.lt
'Outside row.
fSecond row from outside.
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toms of the disease. The absolute amount of wilt could only be
obtained by cutting the plants.
The results obtained in the field tests bear out. in a remark-
able way. the ones obtained in the greenhouse. In nearly every
ease, there was a decided decrease in the wilt percentage with
the increase in the amotmt of lime. The heavy application of
lime did not eradicate the disease but only seemed to delay its
development for about two weeks. As a matter of fact, all of
the susceptible plants in all of the plots finally died with the
disease. The contrast in the appearance of the plots during the
first part of June was very striking. In figure 7. are shown the
FIG. 7. Development of vnlt in a badly infested field.
Stone and Acme rows in the check plot, and in figure S the same
varieties in the plot limed at the rate of ten tons to the acre.
These photograpks were taken on June 12. at the time when the
plots showed the greatest contrast.
The first picking of fruit was made on June 9. the same day
the last count of the wilt was made. The last pici^ing was on
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July 22. With two exceptions, there was a marked increase of
fruit as the lime was increased and the wilt decreased. The ex-
ceptions were the rows of Dwarf Stone and Stone on the plot
limed at the rate of ten tons to the acre. These were outside
rows and did not have an equal chance with the others. As
Bermuda grass had worked in from the side the soil was not in
as good a state of cultivation.
The amount of wilt in the soil of the different plots was as
nearly the same as is possible to have it. The plots were side by
side and tomatoes had been grown on the ground for several
years.
The application of lime did not seem to have any permanent
effect on the soil. These plots were used for selection work the
following year and no perceptible difference in the plants in
the different plots was noticeable. Perhaps if susceptible varie-
ties had been planted, there would have been a difference.
VIRULENCE OF DIFFERENT CULTURES.
A great many different cultures of Fusarium lycopersici
have been isolated and studied since the work started. Most of
these have come from plants grown in various parts of Louisiana,
though a few have been obtained from Mississippi and Arkansas
material. These cultures have been made by direct transfer
from the interior of the stems and roots and also from spores
that developed on old plants during different seasons of the
year. Before carrying on any experiments with a culture, it is
necessary to test it out in pots of sterilized soil in the greenhouse.
This is necessary to determine the virulence of the culture and
also to prove that the fungus is really Fusarium lycopersici and
not some non-pathogenic Fusarium, that had found its way to
the diseased tomato plants. Fusarium cultures that were not able
to produce the disease in young plants have been frequently
i^^clated from the inside of infected tomato plants. These have
u n l;y been discarded as it seemed probable that they were not
cultures of Fusarium lycopersici. Also in a few of the tests, one
or two plants would show some discoloration in the interior of the -
stems at the final examination. All such cultures were usually dis-
carded as it did not seem probable that they were cultures of
Fusarium lycopersici. The results from some of these tests, in
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which only one or two of the plants aeveloped the disease, were
included in a previous publication (5), but it now seems very
questionable whether they should be considered.
"While working on the disease and carrying on various ex-
periments in the greenhouse, the questions of whether there is
any great variation in the virulence of cultures and also whether
FIG a Effect of lime on the development of tomato wilt, boil had been treattr. \vith
lime at the 'rate of ten tons to the acre. These rows were less than twenty teet from those
shown in figure 7. Photograph made the same day.
some strains attack some varieties in preference to others, have
been kept constantly in mind. As far as the cultures which have
been studied are concerned no pronounced difference w^as found
between any of them. Some cultures constantly showed less
virulence than others, but this occurred with all varieties of
tomatoes. A variety susceptible to one strain of the fungus was
susceptible to all virulent strains, and a variety resistant to one
strain, was resistant to all. Of course, the cultures which have
been used were all from the Louisiana-Arkansas-IMississippi terri-
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tory, but it is doubtful if strains from other parts of the country
would give any different results. Resistant varieties which
have been developed in Louisiana have shown the same relative
resistance when grown in Georgia, Ohio and at Washington, D. G.
Some cultures have shown a slight deterioration after being
grown for some time in the laboratory but this has not been
marked. Also some cultures have been kept growing for six
years without showing any apparent deterioration. Some of
the most virulent cultures growing in the laboratory in 1920
were isolated in 1914. The virulence was maintained whether the
cultures were kept in the ice box or in an incubator at 28-30° C.
TEMPERATURE RELATION.
The effect of high and low temperature on the development
and parasitism of a fungus is an interesting point in the study
of its life history. In many cases, temperature is the determin-
ing factor in the distribution of a fungus. Some fungi are only
found in the cooler climates, while others are only found in the
w^arm tropical or subtropical climates. Others may be found in
both climates but occur at different seasons of the year.
In studying a disease, a knowledge of the temperature rela-
tion of the causative organism is very essential. If this is not
known, experiments will frequently be conducted at a wrong
temperature and only negative results obtained. A number of
examples of this have been observed in the work on various
plant diseases at the Louisiana Station. While working with the
angular leaf spot of cotton caused by Bacterium malvacearum^
numerous infection experiments carried on in the greenhouse
during the winter months were" failures, but the same experi-
ments carried on during the warm summer months were all
successful. Also a number of experiments carried on with the
tomato wilt during the early part of the work, before the im-
portance of the temperature relation was realized, had to be
duplicated.
A knowledge of the temperature relation may also be of
extreme importance in controlling a disease in certain localities.
The bean anthracnose, (4) caused by the fungus Colletotrichwm
lindemutkiamim, will not grow at high temperatures. In the
northern states, it develops best during the ordinary summer
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temperatures, but the summer temperature in Louisiana is too
high for its development. Taking advantage of this, bean.
groAvers are raising a fall crop of beans for seed, this seed being
used the following spring for planting the main crop. To obtain
a fall crop of seed, the beans are planted in the hot summer
months and the disease is entirely destroyed.
The relation of the tomato wilt fungus to temperature has
received much consideration during the past several years at the
Louisiana Station. That there was some relation existing between
temperature and the development of the disease, was realized
early. In carrying on the experiments in the greenhouse in
pots, much better infection was obtained during the warmer
months than during the winter. This seemed to throw some
light on the distribution of the disease over the country and
also showed why some of the workers in the northern part of the
country had had trouble in obtaining good infection in young
plants growing in heavily contaminated soil.
In order to obtain more definite information on the tem-
perature relation of Fuscirium lycopersici, a series of experi-
ments were planned and carried through during the past few
years. These experiments included studies of the rapidity of
growth of the fungus in pure cultures, and of the infection and
development of the disease in living plants at different tempera-
tures.
While this work has been in progress, some studies on the
same problem have been started by Clayton, (1) at the "Wisconsin
Station. While his method of carrying on the work has been
different, the results obtained agree closely with those described
in this bulletin.
GROWTH IN PURE CULTURES AT DIFFERENT TEMPERATURES.
Fiisarium lycopersici grows very readily in pure cultures
and consequently the effect of a single factor, such as tempera-
ture, is very readily obtained. A series of experiments was run
in which several different strains of the fungus were used. A
large batch of bean pod agar was made at one time, enough to
complete a whole experiment. This prevented any variation in
the media itself. Poured plates were made and after the agar
was cooled, a small planting of mycelium from the edge of a
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rapidly growing culture was made to the center of each plate.
The plates were then grown in the incubator at temperatures
from 14°C to 37.5°C. Cultures were grown at intervals of from
two to four degrees. For the lower temperatures a Hearson Low
Temperature incubator was used and for the higher tempera-
tures, electric controlled bacteriological incubators. The cultures
were allowed to grow for from four to five days, the diameter
of the colony being measured at the end of each twenty-four
hour period. The growth for the first day was not considered in
figuring the results. The average daily growth was obtained
by averaging the results obtained in three plates. The fungous
was not grown at all of the different temperatures at the same
time, but this was not important, as the same batch of agar was
used through the whole experiment.
In figure 9, is charted a curve showing the daily growth in
millimeters of the fungus, Fusarium lycopersici, at the various
temperatures. A number of different cultures were used, but
FIG. 9. Curves shov/ii da !v growth of cultures on bean pod agar at various tem-
peratures. (A) Fusarium lycopersici. (B) A species of Fusarium isolated from diseased
tomato stem, not Fusariuiyi lycopersici.
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as the growth of all was so similar, a composite curve is made
for all of them. The curve shows that the optimum temperature
for growth of Fusarium lycopersici is around 29°C* The maxi-
mum temperature is slightly above 37.5°C. The minimum tern-
perature was not obtained as the fungus was able to grow fairly
well at the lowest temperature tried, 14° C. The curve shows that
the rate of growth increased directly with the temperature until
a point near the optimum was reached. Above this point, the
growth decreased very rapidly.
As a comparison, several strains of the cotton wilt fungus,
Fusarium vusinfectum, and one strain of the cabbage yellows
fungus, Fusarium conglutinans, were included in the test. The
curve of growth of the cotton fungus was found to be almost
identical with the tomato wilt fungus but the cabbage fungus
showed a slower growth at all temperatures.
There were also included in the test, some cultures of Fusar-
ium that were obtained from tomato stems and at the time were
supposed to be cultures of Fusarium lycopersici. The curve of
growth of these forms did not coincide with that of Fusarium
lycopersici, and they were later proven to be saprophytic forms
by infection experiments. They were unable to produce the
disease in young plants. The curve of growth of one of these
cultures is shown in the figure. This shows the absolute necessity
of testing the parasitism of any strain before attempting to carry
on any experiments with it.
INFECTION EXPERIMENTS AT VARIOUS TEMPERATURES.
In order to test out the effect of temperatures on infection,
a series of tests was run in one compartment of the greenhouse
during the years 1918 and 1919. A large bench was filled with
about twelve inches of garden soil and on this was placed a Friez
thermograph, to register both soil and air temperature. The
bulb for the soil temperature was placed about three inches deep
in the soil. On every "Wednesday, during a period of a year,
six six-inch pots were filled with soil, sterilized in the autoclave,
reinoculated with cultures of Fusarium lycopersici and planted
with tomato seed. The soil consisted of two-thirds garden soil
and one-third leaf mold. The soil was all mixed before the experi-
*Clayton (1) places the optimum at 28°C.
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ment started and was stored in the potting room of the green-
house, This prevented any variation in the soil. Five different
cultures of the tomato wilt were used. These cultures were grown
on bean pods in tubes, and to each pot was added one tube of
each culture. These cultures were thoroughly mixed into the
upper layer of the soil in the pots. About one hundred tomato
seeds were planted in each pot. The variety, Stone, was used
as this is a very susceptible variety. Also seed for the whole
set of tests was obtained from a single pound package. The pots
were sunk in the soil in the greenhouse bench so that the tem-
perature in the pots would coincide with the temperature of the
soil in Avhich the thermograph was placed.
The first set was started on July 17, 1918, and the last one,
June 11, 1919. During this period there was a great variation
in the temperature of the soil and air. During the summer
months, the temperature in the greenhouse was very hot, the air
temperature often running to 110 or above and the soil tem-
perature running above 100. During the winter only enough
heat was used to prevent the plants being injured by the cold.
"With the exception of four sets started in November, 1918, the
experiment was carried out as planned. The plants in these
four sets were accidentally killed on December 18 by smoke from
an oil stove that had been placed in the compartment to prevent
freezing.
The first examination of the plants was made just fourteen
days after the seed were planted. Following this, they were
gone over carefully once or twice a week until the test was ended.
The tests continued for seven or eight weeks after planting.
The presence of wilt in the plants was determined by holding
them up to the light. All plants showing a black center were
pulled and counted, even if the leaves did not show signs of the
disease. At the last examination, all the remaining plants were
pulled and the stems cut. This gave the actual percentage of
wilt at the end of the -test.
At the end of each test the data obtained included a complete
record of the soil and air temperature and the percentage of
diseased plants at the end of each week. In Figure 10 is given
a summary of the results of all the tests. Curve A shows the
mean of the maximum air temperatures for the days of each
29
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FIG. 10. Curves showia? mean maximum and minimum sail and air temperatures
or weekly periods from July, 1918, to July, 1919, and the percentage of wilt m remoculated
sterilized soil during the same period. (A) Mean maximum air temperature B) Mea^^
minimum air temperature. (C) Mean maximuni soil temperature, (D) Mean mmmium soil
temoerature. ^E) Infection percentage. The date of the beginmng of each test is marked
by a circle. Consequently each test ran through a period of seven or eight weeks following
the location on the curve.
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FIG. 11. Development of wilt in reinoculated sterilized soil at different seasons of
the year. (A) Daily maximum soil temperature. (B) Daily minimum soil temperature.
(C) Infection percentage at different periods after planting, each circle representing the date of
examination. (I) Experiment started July 24, 1918. (II) Experiment started September
25, 1918.a£(III) Experiment started October 16, 1918.
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FIG. 12. Continuation of figure 11 (I)
Experiment started D^^^^^ 18, 1918.
(II) Experiment started March 12. 1919. (Ill) Experiment
started May .8, 1919.
week- Curve B shows a similar mean for the minimum air tem-
peratures; Curve C shows the mean of the maximum soil tem-
peratures for each weekly period; and Curve D shows the mean
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of the minimum soil temperatures for each week. In Curve E is
shown the total percentage of infection for each test. The posi-
tion of the circle in each case represents the date" on which the
seed were planted. Consequently each test ran through the
seven or eight weeks following its location in the curve. The
optimum temperature for growth of the fungus, 29 °C, is shown
by a broken line. The effect of temperature on infection with
Fusarium lycopersici is brought out in a very striking manner
by these curves. While the soil temperature is around the point
of optimum growth for the fungus, the infection runs from 85
to 98% but in those tests in which the soil temperature was below
this, the infection percentage was very low.
S'^'*^^^
showing mean maximum and minimum soil and air temperaturesm the held for weekly periods during the growing seasons of 1917 and 1919. ( A) Mean rnaxi
T^fZ 'm^'Af -^^^ Mean minimum air temperature. (C) Mean maximum sSuem-perature. (D) Mean minimum soil temperature.
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To bring out more clearly the effect of temperature,
in fig-
ures 11 and 12 are shown graphically, the rate of infection
in
six of the individual tests run at different seasons
of the year.
As the soil temperature seems the most important factor
in the
infection, the air temperature is not included in the curves.
The
daily maximum and minimum soil temperatures are shown in
the curves, and also the percentage of infection at all times
during the test. Each small circle shows the date on which
the plants were examined and the diseased ones counted.
It will be noticed from these curves that while the maximum
soil temperature remains considerably above the point of opti-
mum growth of the fungus, and the minimum temperature is
not far below, as in figures 11A and 12C, the infection percentage
rises very rapidly from the second week after planting. When
the maximum and minimum soil temperatures are both con-
stantly below the optimum temperature, as in figure 12A, the
infection perceatage remains very low. At other times, when
the maximum soil temperature is sometimes below and sometimes
above the optimum, the curve of infection is intermediate be-
tween the other two extremes.
To obtain good infection it would seem that the temperature
of the soil should remain somewhere in the neighborhood of the
optimum temperature for growth of the fungus.
Clayton (1) has shown that with soils kept at constant tem-
peratures the best infection is obtained at the temperature of opti-
mum growth and that the infection decreases as the temperature
goes above or below. His data do not show the effect of the
constant changes which take place in the soil temperature. From
the experiments described in this bulletin, it does not seem that
the daily change in temperature is so important. If the mean
daily soil temperature remains close to the optimum for growth
of the fungus, the highest infection percentage results.
It is of interest to compare the results obtained in the green-
house to conditions in the field. In figure 13 are charted curves
showing the temperature of the soil and air in the principal
tomato growing months of the years 1917 and 1919. The air
temperatures are shown by solid lines and the soil temperatures
by broken lines. The upper curve in each case represents the mean
of the daily maximum temperatures for each week while the lower
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represents the mean of the minimum temperatures. There is a
considerable difference between the soil temperatures of the two
years. In 1917, the soil was freshly prepared and was kept
free of grass while in 1919, the temperature was obtained under
a oTass sod. Consequently it is apparent that the curves for
1917 represent more nearly the soil conditions in a cultivated
field. It would seem from the temperature curves for 1917 and
the results obtained in the greenhouse that the soil reaches the
optimum temperature for the development of the disease about
the middle of IMay or shortly after.
In the field, tomato plants do not usually begin to show the
effect of the disease until the middle of May. In figure 17 are
charted curves showing the development of wilt in different
varieties in the field during 1919. Even with the most susceptible
varieties, as illustrated by curves marked 9 and 10, there was
but a small percentage of wilt on May 20, but the percentage in-
creased rapidly after that date. There is, however, another
factor to be taken into consideration. As the plants were healthy
wlien they were set in the field during the first week in April, it
would naturally take some time for the disease to develop suffi-
ciently to injure them. Yet it would seem that seven weeks is
longer than is necessary for this. The rapid development of the
wilt after the middle of ]\Iay, when the soil temperature has
reached the optimum for the fungus, indicates that the temper-
ature is an important factor in the field as well as in the green-
house.
SELECTION FOR WILT RESISTANCE.
It has been recognized for some time that different varieties-
of plants or different strains within a variety are often more re-
sistant to certain diseases than other varieties or strains. This
seems to be especially true with plants that are affected with
Fusarium wilt diseases. Since this fact has been recognized,
much attention has been given to the selection of wilt resistant
strains by various plant breeders and pathologists. At present
there are a number of wilt resistant strains of cotton, cabbage
and tomatoes. In the South, wilt resistant varieties of cotton
are being grown over large areas.
The development of wilt resistant strains of tomatoes is more
rece]it than that of cotton varieties. However, a number of such
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strains have been developed within the
past ten years by the
^varions experiment stations and by the United
States Department
of Agriculture. ^
At the Louisiana experiment station, this
work was first
started in 1910. In that year, individual
selections were made
from a badly infected field of Acme tomatoes.
One of the plants
seemed to be especially wilt resistant, as it
lived through the
whole season without showing any traces of
wilt. Of the seed
saved that year, only that from this one
plant showed any
resistance the following year. In 1911, the
unselected Acme
showed a wilt percentage on June 13, of 52%, while the
plante
from this selection only showed 10.3%. Although this
plant was
selected from a field of Acme tomatoes, it is possible
that it did
not really belong to this variety, as the fruit and plant
differed
in some respects from the ordinary Acme type.
The strain
which was developed from this plant has gone under the
name of
^'Louisiana Wilt Resistant" in publications from the
Louisiana
station. .
The Louisiana Wilt Resistant tomato was grown for several
years, seed being saved each year from individual plants
that
were the most resistant to the disease and the most prolific. Some
of the seed at different times, was distributed to
growers in
Louisiana and other states. This tomato showed a high percent-
age of resistance wherever it was grown. In the tests at the
Ohio
station (7) none of the plants took the wilt. However,
this tomato
was not a satisfactory variety for Louisiana conditions. It
was
late in maturing and was a light yielder.
In order to improve on the strain, in 1912 crosses were made
between this wilt resistant strain and Langdon's Earliana, an
early, high yielding variety. These hybrids have been grown
for several years, selections being made each year for wilt resis-
tance and also for other desirable qualities. Two strains have
been obtained which are fairly resistant and in other ways, are
more desirable than the original resistant strain. Neither strain
is as resistant as the original Louisiana Wilt Resistant, yet
both are as resistant as any of the resistant varieties which have
been tried. In this bulletin, these strains are listed under the
names of Louisiana Red and Louisiana Pink. (See figure 14).
In a climate where conditions are at the optimum for the
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development of the wilt, such as that of Louisiana, a plant that
is susceptible at all will develop the wilt. As a matter of fact,
a large percentage of the plants of the most resistant strains,
will show the wilt if they are examined closely. The wilt seems
FIG. 14. Results of selection for resistance to tomato wilt. All the plants were grown
in remoculated sterilized soil m the greenhouse. The rows on the left were transplanted with
susceptible varieties, while the rows on the right were set with the resistant Louisiana Red
selection.
to develop slower in a resistant strain and the plants do not
die as rapidly. It w^ould really be better to call these strains
''tolerant" rather than ''resistant."
The selection work has been greatly aided by the seed bed
method of selecting plants. This method eliminates a great
many of the most susceptible plants before they are set in the
field.
As the tests of these resistant strains have been mostly carried
out in conjunction with the varietal tests, these will be con-
sidered in the next section of this bulletin.
VARIETAL SUSCEPTIBILITY.
During the past several years, a large number of different
tomato varieties have been grown on badly infested soil in the
field and in reinoculated, sterilized soil in the greenhouse and
the opportunity has been available to obtain some idea of the
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comparative resistance of the different ones. These tests have
not always been made under the same conditions or with the
same varieties, but enough information has been obtained so that
the relative resistance of the different varieties is fairly
accurate-
ly known.
GREENHOUSE EXPERIMENTS.
Some of the results which have been obtained in the green-
house with sterilized soil are given in Table Y. In aU of
these
tests the plants were grown in six-inch pots and the soil was
sterilized in the autoclave and heavily inoculated with pure
cultures of the tomato wilt fungus just previous to planting. Five
tests are given in the table. In the different ones, the temperature
was the principal varying factor though it is probable that
there
was some slight variation in the soil. All the soil in each test
was mixed together before it was placed in the pots. Some of
these tests were run before the real effect of temperature was
realized and the effect of low temperature is very evident in some
of them.
The date on which each test was started is given in the table.
The tests started in December 1918, and January 1919, were run
at too low a temperature and the results are not very satisfactory.
The test started in September, 1919, was run under the best tem-
perature conditions and the results obtained are the most satis-
factory of any given in the table. The last seven varieties of
tomatoes listed are ones which have been selected for wilt resis-
tance, all others being commercial varieties.
In all of the tests, the diseased or dead plants were pulled
and counted at intervals of three to ten days, and at the final
examination all plants were pulled and cut, and all that showed
blackened fibrovascular bundles were counted as diseased.
The table shows that all varieties, even the most resistant,
when grown under the most favorable conditions, show a rather
heavy^infection with the wilt disease. Susceptible varieties,
however, take the wilt earlier, die quicker, and in most cases,
show a higher infection percentage than resistant ones. The
susceptibility of the Stone variety is well brought out in all of
the tests in the table.
Some of the tests given in table V were continued too long
to show the widest difference between susceptible and resistant
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TABLE V.
Resistance of Different Varieties in Reinoculated Sterilized Soil.
I
~
'
Percent of Diseased Plants.
VARIETY January
1915
January
1 Q1 C December1918
January
1919
[September
1919
Stone 100.0 VQ 1/y
. o 28.6 44.9 100.0
Bonny Best
11 .4 93.4
Chalk's Early Jewel .
.
Acme 97.5
VQ O/c5 . /
O / . D
3.5 97.3
Beauty
John Baer
VQ r\lO.yj
/ O . o
1
Magnus OO . J.
Early Detroit Rzl ^
. O
My Maryland 52 5 5.3
Greater Baltimore
Dwarf Stone 4i
. 6
Prosperity QO cOO
. o
Earliana 88.5 18.3 95.7
June Pink 10.5 96.2
Manyfold 1.4
Globe 3.9 26.9 94.9
Columbia
76.2
Arlington
14.7 84.2
Norton
38.5 83.1
Marvel
17.6 86.1
Louisiana Pink 26.7 82.4
Louisiana Red 2.8 12.7 86.0
Louisiana Wilt Resistant 56.5 21.6
varieties. In experiments of this kind, the longer the test runs,
the less difference v^ill be seen between the resistant and suscept-
ible varieties. This is brought out clearly by obtaining the wilt
percentage at short inter^^als after the plants come through the
ground. In figure 15, are charted curves showing the develop-
ment of the wilt in the experiment started in September, 19.19.
The curves show the percentage of wilt in each variety, from the
twenty-first day after planting until the test was completed on
the fifty-ninth day. Curves 1 to 6 represent resistant varieties,
while curves 7 to 12 represent commercial varieties.
While the resistant varieties show less wilt all through the
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28 31 35 56 59
FIG. 15. Curves showing percentage of wilt m different varieties in
mnoculated
sterilized soil in greenhouse, 21 to 59 days after planting, test started m September,
1919.
Curves 1 ?o 6 ?rfselected Resistant varieties, curves 7 to 12 are commercial varieties. See
figure 18 for names of varieties.
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experiment, on the forty-fourth day there was the greatest dif-
ference between the two sets. At that time the resistant varieties
showed a wilt percentage of between 38 and 55%, while the com-
mercial varieties ranged between 73 and 93%. With the excep-
tion of the G-lobe, which shows a higher infection percentage
than usual, the results obtained in this test agree well with
various other variety tests.
The relative resistance of different varieties is well brought
out in the illustration in figure 16. There is shown a pot, in
1 J •• ?•
Comparison of a susceptible and a resistant variety of tomatoes in reinocu-
lated sterilized soil. In the left half of the pot was planted a susceptible variety, Acme; in the
right half was planted a resistant variety, Louisiana Wilt Resistant. Most of the plants of
the susceptible variety are dead.
which seed of a resistant and of a susceptible variety were plant-
ed in reinoculated sterilized soil. At the time the photograph
was taken, most of the resistant plants were still in good
condition though practically all of the plants of the susceptible
variety were dead.
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FIELD EXPERIMENTS.
In the field work on tomato wilt a great many different to-
mato varieties have been grown at various times on badly in-
fested ground, though it has not been practical to carry out many
extended variety tests. Only a limited amount of badly infested
ground has been available and this has mostly been required in
the selection work. It is not worth while to carry out a variety
test on ground that is not badly and evenly infested with the wilt
fungus. However, tests carried on during two years, using both
resistant and susceptible varieties, combined with the many
miscellaneous experiments, have yielded results worthy of men-
tion and have shown the relative resistance of the various vari-
eties.
In 1916, a field test was run in which five varieties were
used. These included two resistant varieties. Globe and Dwarf
Stone ; two very susceptible varieties, Acme and Stone ; and one
early fruiting susceptible variety, the Earliana. These vari-
eties were planted in two different fields. One of the fields had
grown tomatoes continuously for a number of years and was
very badly infested with the wilt. Other than this, the field
was in a very good state of cultivation and the tomato plants
were staked and were well taken care of. The other field had
never grown tomatoes and consequently was free of the wilt.
This latter field, however, w^a^ in a very poor state of cultivation.
The ground was not well drained and on account of temporary
labor conditions, it was not possible to stake the plants and
care for them properly. On this account, it would be expected
that the wilt-free field would not give a satisfactory yield. How-
ever, the results are included because the comparative results
with the different varieties are reliable. In this experiment, the
total yield of fruit was obtained and also the percentage of wilt
in the infested field on two different dates. The last date was at
the time the first picking of fruit was made. The results are
given in Table VI.
According to this table, the yield of the resistant varieties,
Dwarf Stone and Globe, was six to seven times greater on the
wilt infected plot than on the wilt free plot. This was due
entirely to the fertility of the plot and the better cultivation. The
effect of wilt on susceptible varieties is seen in the yield of the
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TABLE VI.
Comparison of Different Varieties in the Field in 1916.
Variety-
Wilt-infested plot Wilt-free plot,
[poorly cultivated.
Yield per
acre
Pounds
Infection
percentage
May 25
Infection
percentage
June 9
Yield per acre,
Pounds
Dwarf Stone 7550 10.9 16.4 1260
Stone 790 70.6 94.1 3450
Acme 950 60.4 90.6 1850
Globe 15690 4.1 22.5 2100
Earliana 10670 30.2 84.9 4750
Stone and Acme. While these tomatoes averaged more on the
wilt free soil than the resistant varieties, on the infested soil
the yield dropped very low, producing less than a thousand
pounds to the acre. If the wilt had not 'been present in the plot,
judging from the increased yield of the Globe and Dwarf Stone,
it is probable that the Acme would have produced from 10,000
to 18,000 pounds on the good soil. The Earliana, which pro-
duces an early crop, before the wilt has time to kill the plants,
produced a fair crop on the wilt infested soil, though the yield
was one-third less than the Globe, while on the wilt free soil, it
was twice as large.
The wilt percentage was much greater in the Stone and Acme
varieties than in the Globe and Dwarf Stone. The Earliana
showed less wilt than the susceptible varieties, but considerably
more than the resistant ones.
In 1919, a field test was run, using a larger number of vari-
eties. The experiment was started in order to obtain information
on the value of a number of resistant varieties which have been
selected during the past few years, these being compared with a
number of the standard commercial varieties. The plot used had
grown tomatoes for several years and was badly infested with
the wilt. The plants were set in the field in a manner to elim-
inate as far as possible, the effect of any slight variation in the
soil. A row of each variety was planted and then this order of
planting was duplicated four times, thus making five rows of
each variety in different parts of the plot. The plants were all
healthy when they were set in the field. The results obtained
are given in table VII. These include the yield per acre, the
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percentage of plants showing injury by the wilt disease on June
25, and the percentage of plants actually affected on July 11, this
being determined by cutting each plant.
TABLE VII.
Comparison of Different Varieties in the Field in 1919.
Variety Yield, tons Apparent wilt Actual wilt by
per acre June 25 cutting, July 11
June Pink 5.9 60.1 96.6
Earliana 5.7 47.6 87.6
Louisiana Pink 5.4 6.3 69.3
5.2 6.2 62.2
Arlington . . . 5.1 13.2 77.7
Marvel 4.6 6.6 55.7
Norton 4.5 5.0 70.0
Columbia 4.3 15.0 75.4
Manvfold 4.2 24.5 90.7
Globe.' 4.0 1.2 77.9
Bonny Best 3.6 80.6 97.2
Chalk's Early Jewel 3.4 58.4 92.7
Stone 1.7 78.3 96.1
The results given in table YII coincide very well with those
from other tests and also with various observations that have
been made during the past ten years. The point of chief interest
are as follows
:
(1) . None of the varieties were really wilt-resistant as wilt
was found in a high percentage of the plants of all the varieties
when the stems were cut open and examined. However, the
wilt did not develop as rapidly in some varieties as in others
nor did it kill the plants as quickly.
(2) . The varieties showed considerable variation in regard
to the percentage of plants killed or injured before a satisfactory
crop of fruit was made. The so-called wilt resistant varieties
showed a small percentage injured on June 25, Avhile the
percentage with some of the other varieties was high.
(3) . The very early varieties, Earliana and June Pink, being
healthy when set in the field, made a part of a crop before the
wilt had time to materially injure the plants. In this test,
these varieties made higher yields than any of the other varieties.
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(4). The wilt resistant varieties produced a fair crop of
fruit, though they were not as prolific as varieties of the Earliana
type. The two Louisiana selections produced slightly more than
strains selected in other parts of the country.
ioor
5-20 5-28 6-5 6-12 6-20 6-25 7-11
FIG. 17 FCurves showing percentage of wilt in different varieties in the field at differ-
ent dates in 1919. Last percentage was obtained by cutting the plants. Curves 1 to 6 are
selected resistant varieties; curves 7 to 13 are commercial varieties. See figure 18 for names
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(5) . The Globe was the most resistant of the commercial
Tarieties but it made a light crop of fruit.
(6) . The Stone was the most susceptible to the wilt and
produced the poorest crop of fruit, of any of the varieties.
This conclusion is in perfect agreement with a large number of
observations and reports on this variety, from all over the State.
The enforced use of this variety has hindered considerably the
work of the girls' clubs throughout the State.
Had the tomato seed for this experiment been planted in
seed beds infested with the tomato wilt disease, undoubtedly
very different results would have been obtained. Under such
conditions, the yield of the Earliana and June Pink varieties
would undoubtedly, have dropped to a considerable extent.
Plants of these varieties when taken from infested seed beds
almost invariably produce a very poor crop.
In the 1919 tests, the wilt percentage was obtained at fre-
quent intervals throughout the season. In figure 17, the curves
show the percentage of wilt in the several varieties on different
dates. On July 11, all the plants were cut and the stems ex-
amined, consequently the actual percentage is given for that
date. On the other dates the percentage was obtained by ex-
amining the plants without cutting. A plant showing any effect
from the wilt was classed as diseased. The curves are made
in the same way as the ones in figure 15, which showed the de-
velopment of the disease in the greenhouse, broken lines for the
selected resistant varieties and solid lines for the commercial
varieties. With the exception of the addition of the Manyfold in
the field test, the same varieties and the same lots of seed were
used in both experiments. The curves show that there was very
little apparent injury to the selected varieties and also the Globe
during the first part of the season, though the final examination
showed a rather high percentage of the disease in the stems.
With the susceptible varieties,, the infection percentage rose
rapidly from the time the temperature conditions were satis-
factory. In fact, with varieties of the Stone type, the curves
become almost straight lines.
Another point that is worthy of consideration, in a tomato
variety experiment, is that of the time of the ripening of the
fruit. In a section that grows tomatoes for the early market, a
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period oi a week or ten days delay in ripening is of considerable
importance. In the 1919 experiments, the picking season con-
tinued through five weeks. In figure 18 is shown the amount of
fruit of each variety picked each week. The curves for the
selected resistant varieties are made with broken lines, while
6-14 6-21 6^28 7-5 7-12
; 1Q10 t^urves sho^ylng the amount of fruit picked per week from dififernet varietieslyiy-. .<-urves 1 to 6 are selected resistant varieties: curves 7 to 13 are commercial varieties.
(1 Pi"^; (2) Louisiana Red; (3) Marvel; (4) Columbia; (5) Arlington; (6) Norton:
(13) Manyfold ' ^ ^ '
Bonny Best; (11) June Pink; (12) Chalk's Early Jewel;
those for the commercial varieties are made with solid lines. Two
things of importance are shown by these curves. The wilt resis-
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tant varieties, Norton, Marvel, Arlington, Columbia, and
Globe,
are seen to be from a week to ten days later than the early
varieties, Earliana and June Pink, while the Louisiana selections
are intermediate. Also it is seen that with all of the
susceptible
varieties there was a decline in the yield after the
third week,
while the decline with the resistant varieties did not come
until
after the fourth week.
VARIETY TESTS IN OTHER LOCALITIES.
In 1919, variety tests in which the Louisiana selections
were
included, were run at a number of places in the country. By
permission of the authorities at the different places, the
tests
made by Mr. J. A. McClintock at Experiment, Georgia, and by
F. J. Pritchard of the United States Department of
Agriculture,
at "Washington, D. C, are included.
In the Georgia test, a number of selections from
various
parts of the country, as well as several commercial varieties
were
used. The plants were set in the field on May 7, from non-infest-
ed seed beds. On July 3, the plants were examined by Mr.
Mc-
Clintock and the percentage of plants showing evident signs
ot
TABLE VIII.
Selected Strains Commercial
Varieties
Variety
Source
of
Seed
Percent
Wilt,
Julys
Variety
Source
of
Seed
Percent
Wilt.
Julys
Pritchard. . .
.
0 Hastings ....
88
Edgerton. . . . 0 Canada
74
Illinois Selections . . . Durst 0
Hastings. . . . 67
Ga. Station.
.
3 Redfield Beauty Hastings ....
92
Greater Baltimore. .
.
6 Chalk's Early Jewel.. Hastings ....
100
7
Pritchard 13
Pritchard...
.
14
Ohio Station. 17
Ga. Station.
.
20
Pritchard 30"
Greater Baltimore. .
.
McClintock. 50
Essary 60
Ohio Station
.
80
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the disease was obtained. The condition of the plants on that
date are given in Table VIII. All of the plants of both the
selected and commercial varieties died before the growing season
was completed.
The results obtained at Washington, D. C, by F. J. Pritchard
are given in Table IX. Plot No. 1 was on the Arlington Flats
on very low and wet ground. Plot No. 2 was on the Arlington
Farm. The number of plants with wilt was determined by
cutting the plants and examining the stems for the dark color.
TABLE IX.
Variety Tests at Washington, D. C, Season of 1919.
Variety
Plot No. 1 Plot No. 2
Number
of
Plants
Number
with
Wilt
Number
dead
Number
of
1 Plants
Number
with
Wilt
Number
dead
Arlington 30 30 0
Columbia 32 31 1
Norton 47 41 0
Marvel 32 27 0 32 8 0
Louisiana Red 32 29 0 15 4 0
Louisiana Pink 32 31 0 12 9 0
Red Head 16 16 15 16 15 9
Greater Baltimore 16 16 15
Stone 16 16 16
16Bonny Best 16 16
Earliana 16 16 16
Globe 16 16 2
The results of the Washington tests are very similar to those
usually obtained in Louisiana. Even the most resistant vari-
eties show a high percentage of wilt when the inside of the stems
are examined for the dark color though the resistant varieties
remain alive much longer than the susceptible ones.
In the tests, both at Washington, D. C, and in aeorgia, the
Louisiana selections showed as much resistance as the best of
any of the other selections. This- would seem to show that a
resistant variety which has been selected in a climate which is
very favorable to the disease, will show the same resistance in
other parts of the country. It also tends to disprove the sug-
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gestion that there may be different strains of the wilt fun^s
in different parts of the country.
GENERAL CONCLUSIONS ON VARIETAL RESISTANCE.
From the investigations which have been carried on with
tomato varieties and from observations that have been made at
various times several conclusions have been reached which seem
to cover our present knowledge and ideas of varietal resistance
to the tomato wilt. These include the following:
(1) . Strains or varieties have been selected which show a
certain resistance to the tomato wilt, yet under favorable condi-
tions, the most resistant plants will take the disease and die.
(2) . The resistance is shown by the length of time it takes
the disease to kill the plants ; a susceptible plant dies rapidly,
while a resistant plant may live several weeks after it becomes
infected.
(3) . There is no doubt but what the disease materially de-
creases the yield of even the most resistant strains.
(4) . Under Louisiana conditions, resistant varieties are not
usually very prolific though on badly infested soil they usually
outyield most of the susceptible varieties. An early, prolific and
resistant variety has not as yet been produced.
(5) . The temperature factor may be of importance in some
localities in determining the resistance of some strains. A resis-
tant strain might be selected in a cooler climate that would not
stand up when grown in a warm favorable climate.
CONTROL MEASURES.
In order to control the tomato wilt satisfactorily in a climate
favorable to the disease, and in a locality in which the soil is
badly infested, several things must be taken into consideration.
These include a proper rotation, seedbed sanitation and the use
of resistant and early varieties. All of these are important and
all must be practiced in order to obtain a satisfactory crop.
Following the recommendations regarding any one and paying no
attention to the others will not bring satisfactory results.
ROTATION.
While the tomato wilt will not infect any plant except toma-
toes, it will remain alive in the soil for some time without the
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proper host plant. Just how long the fun^s will remain alive
m the soil is not known, but it is evident that most of it is
dead by the third or fourth year. In the rotation, then, to be
recommended, tomatoes should not be put on the same ground
more than one year out of three, and one year out of four would
be more desirable. Also during the years that tomatoes are not
being grown in a field, it is very essential that no infectious
material from around packing sheds or other places should be
placed on the soil and the field should not receive the wash from
other ground on which tomatoes are growing. If there is no
outside infection and a three or four year rotation is practiced,
the disease will be decreased to such an extent that what little
remains will not damage the crop to any considerable extent.
SEED BED SANITATION.
Particular care should be taken to keep the tomato wilt fun-
gus out of the seed beds and cold frames; this is important
whether the plants are to be set in an infested field or in one
that is disease free. Plants that are kept free of the disease
until they are large and ready to go into the field, will produce
much more even in infested soil than those that have become
infected in the seed bed. If the seed bed is badly contaminated
with the disease, there is but small chance of raising a crop of
tomatoes in any field. The result of planting tomatoes in a seed
bed that is infested with the wilt is shown in figure 19. The
row on the left was set from an infested seed bed, while the row
on the right was set from a disease free bed.
Growers very frequently either keep the old soil in the seed
bed from year to year, or else obtain fresh soil from a nearby
garden or cultivated field. Either of these practices is liable to
lead to trouble and should not be followed. The soil for the
seed bed should be obtained from some place that is some dis-
tance from any field that has ever grown tomatoes or has re-
ceived the wash from tomato fields. Soil from new ground is to
be preferred. The seed beds, themselves, should be located on
high ground and some distance from packing sheds and tomato
•fields. If possible, it is desirable to change the location of the
seed beds from year to year. If this is not possible, the old
soil should be thoroughly removed from the beds and all the
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frames and wood work disinfected with formaldehyde or some
other good disinfectant before refilling.
FIG 19 Effect of setting plants from infected seed beds. Row on the left from an
infested bed and the row on the nght from a disease free bed. Most of the plants m the first
row are dead.
There is another practice among some growers and gardeners
that often leads to serious results, that is, the practice of buying
plants instead of growing them. This is especially common with
those who only require a few plants for a home garden. Growers
are taking a chance with such plants as they are often infected
with the wilt disease.
USE OF RESISTANT AND EARLY VARIETIES.
The selection of varieties to be used for planting depends
upon a number of things, such as soil, rainfall and humidity ; the
severity of diseases other than wilt; the severity of the wilt
disease in the neighborhood and the presence or absence of the
wilt disease in the fields to be planted. In sections where the wilt
disease is very severe, considerable reliance should be placed
on the wilt resistant varieties and in some sections, on the early
varieties. In the lower coast region of Louisiana, where the
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these are very satisfactory varieties, as they will usually produce a
Pink are very subject to a leaf disease and fruit rot known as
the early blig-ht or nailhead rust, and consequently, these vari-
eties are not very satisfactory. Away from the coast, however,
these are very satisfactory varieties, as they will usually produce
a part of a crop even in wilt infested soil, if they are started
early and are healthy when transplanted.
Until the season of 1919, seed of only two resistant varieties
could be purchased from seedsmen, these being the Globe and the
Duke of York. The Duke of York, while quite resistant, is a very
unsatisfactory tomato, at least under Louisiana conditions, and has
not become popular. The Globe is a much better tomato but it is
rather late, and usually is a lig:h yielder. This tomato, however,
has become popular 5n some sections of the South, especially in
Florida and southern Louisiana where the early blight injures
the early varieties. In 1919, the Norton and Marvel varieties
were placed on the market by at least one seedsman, and it is
probable that other satisfactory varieties will be placed on a
commercial basis in the near future.
With a proper system of rotation and with resistant plants,.
grown in disease free seed beds, and consequently healthy when
set in the field, a grower should be able to obtain a satisfactory
crop, even in the worst wilt section of the state.
SUMMARY.
The principal points broug:ht out in this bulletin are briefly^
summarized:
(1) . The tomato wilt disease is found in the w^armer regions'
throughout the world. In the United States, it is common as far
north as the Ohio Valley and New Jersey
.
(2) . The fungus which causes the disease Fusarium lycoper-
sici attacks the rcots of the plants and grows up through the
fibrovaseular bundles into the stems, leaves and sometimes the
fruits. The fibrovaseular system is changed to a dark color;
the plants finally die."
(3) . The work on a disease of this kind is made easier by
growing the plants in reinoculated sterilized soil in the green-
house. Under such conditions, the young plants become affected
very soon after they come through the ground.
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(4) . While the disease is not usually carried on the seed,
the spores of the fungus will live on the seed from the time it is
saved until planting time, the following spring.
(5) . The length of time the fungus will live in the soil is
not known, but it decreases from year to year, so that by the
third year there is not usually enough in the soil to produce a
heavy infection.
(6) . The wilt develops best in the lighter, richer soils. It is
of little importance in the heavy, alluvial soils.
(7) . Lime added to the soil in large amounts, such as ten
tons to the acre, hinders the development of the wilt. The disease
can also be checked in the seed beds to some extent with for-
madlehyde and corrosive sublimate. Other substances tested,
include wood ashes, sulfur, sulfuric acid, kainit, and copper
sulfate.
(8) . Different cultures of the fungus show some slight var-
iations in regard to virulence, but no evidence has been obtained
that would indicate that there may be different strains attacking
different varieties.
(9) . The fungus grows best at a temperature around 29°C.
Infection also, takes place quicker and the disease develops in
the plants more rapidly if the soil is kept around that tempera-
ture. If the temperature remains constantly considerably below
this, very little infection results.
(10) . In the field, the normal development of the disease
takes place after the soil has reached the optimum temperature.
(11) . Strains or varieties of tomatoes showing resistance
or tolerance to the disease have been selected at the Louisiana
Station and elsewhere. All of these selections become infected
with the wilt disease but the plants do not die as quickly as
susceptible plants.
(12) . Of the commercial tomatoes, varieties like the Stone,
Bonny Best and a number of others are very susceptible, and
usually produce but light crops on infested soil.
(13) . Early varieties like the Earliana and June Pink
usually develop so rapidly that they Avill produce a part of a
crop if the plants are healthy when set in the field.
(14) . Control measures consist of rotation, seed bed sani-
tation, and the use of resistant and early varieties.
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